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(54) Fe-B-R PERMANENT MAGNET HAVING CORROSION-RESISTANT FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Fe-B-R permanent magnet, which is covered with a 
corrosion-resistant film that contains no hexavalent chrome and is superior in adhesion with 
respect to the magnet, restrained from deteriorating in magnetic properties, even if it is made to 
stand for long hours under condition of the temperature being 80° C, and relative humidity 
being 90%, superior in thermal shock resistance for withstanding a heat cycle of -40° C to 85° 
C over a long time, and capable of stably displaying its high magnetic properties. 
SOLUTION: A metal oxide film of thickness 0.01 |xm to 1 |im is formed on the surface of a Fe- 
B-R permanent magnet through the intermediary of a metal film, where the metal oxide film is 
formed of metal oxide component that contains the same metal components as for the above 
metal film. 
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(57) [Sft] 

[MM] mGt<D9Bm&\z.Bhs fiS8 0tx|@*fl 

S9 o%©Mtai«ta*#T^*i»iBl*iiurtjW*4m 

* s *{bi-S-i:*<, -4 0t-8 5tOfiI« 

F e - B - R^^^^SSI^JISBEK 
£^ LtK*^ 0 . 0 1m m— 1 n m<D&mWt1kfaSLfe 

fc II - OAK Ad & JS IMsttjSft ft * - t * 



im*m 1 ] Fe-B - RX*^tt7*Bl£&MjftK 
t^LtKWO. OUra-li/ra^iMW 

fc R-O^JRfifc^^tf AJR»<k«dc»d»t<C 3 w k Z 

[W*3S2] AJRfiK^AK Sn, Zn, Cu. F 
e, NU Co, Ti^t>I^ / M<H-o^ 

[»**3] &MBM<Omm&0. 0lMm-50/i 

[«*«4 ] MKfbMR^A i mm. s i »fb 

[0 0 0 1 ] 

[»flolt5Wlf»*] *38WW\ ff^iBAttftR 
SrtWiilctt5F e - B- R»*^«W^BBi-5o 

[0 0 0 2] 

[tt*©ft«] F e-B-Nd3R*^»^«***l/5 
Fe-B-R*M»m Sm-Co»M«5l:H: 

£*bTV>5 0 Ud>U*J&Sfe, Fe-B-RlMli 

*s*u*i-<* fsi^sfeasr^tf i^r Steffi 

«5*r««lH]**^^>««l2:3lft*iiA/«»*, flF^MIR 
[0 0 0 3] 

[»W3ftS»*LJ: 9 i: irzmM] _blBO^^fl£^, Fe 
d«K«-«3B$ix"Cv^ (^¥3- 7 4 0 l2^W 
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0 o^mw^com^mmmmx g t 1 o%^±^ 
^b1-Swt^feSo 

[0004] f e-B-RmfoiKm*<Dmmzy 

JO o A&iftftllfSft if Ofl&tt-fbttfbfiRfiR^ 

mi-S^fe^S^$nrV>^^ (W4 - 2 2 0 0 

^ttro^i-eHflEixSt^o, M6 0txMIS9 0 
%o*#T"C^i«fttt«»Srff ok, 3 0 0 n#W«fc:* 

So 

[0 0 0 5] F e -B -R»*4Mfc^0>il»fttt£r 

20 ^;-^n^ h&S^jfe (#4?^6 - 6 6 1 7 3^ 

[0 0 0 6] — * % F e -B-R^d<#JK^a>te 

[0007] ^^^*5v>rn, at^fco*# 

^ Ttw^W»SLTt)^#^^^{bi-Swi:^<> * 

fe, -4 ot:~8 sx:<DU&^x(D&&fmzt>tzZ)t~ 

^F e-B-R*MM«r!l«t5ii:«rl»it 
[0 0 0 8] 

IC^^.TM^^^f^^^T9i^m^C^V^T, F e -B -r 
50 »jk^tt?»S(wAMjftK«r«AU. ^coJ^lcA^m 
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1 - 1 6 5 1 0 5 *£«#HR) o ftfflW- 1-16 5 10 

[0 0 0 9 ] frfrZtoFLlz&^ZteZtitit 
*3SM^*^»^tt, If 1 tEStOai 9 , Fe 
- B - R»*^«W«ffi t-AJRjftK*^ LTRff # 0 . 
0 1 M m~ 1 m m^MRfbttJKIRtr^ U mjIB^m® 
<btt&K*<fflB4K£K0AJIi&& fc HI-oAMflt^fc 

*5V^T. &M£K**A K Sn ^ Zn * Ctu Fe * N 
i, Co, T i *»featfjT,5*fc< it— Otf>&J&j£# 

KJ***0. 0lMm-50Mm*Cfo5C^#iit 

*^awfc*3i^T, ^liwwAiim s i 
8Mb** z rgMbtt, t i*<b*d»e>»wr*bs**< £ 

*\Z#^X, &Mfefbtt£R0l(**SO. 0 5/im- 
0. 5 /imtfc^:i:Wit5c 
[0010] 

[»W<O*Jfc0>»!Bl] *»WIC*5V^t, Fe-B-R^ 
tt, tttH A 1 > Sn. Zn. Cu, Fe, NU 

Co, T i fabmtflnZ'PKK t t> — oasajfetf b*iZ 0 
[ooii] K4«KMl«:Wflt1-5 ix 

t y y u-r ^ y 1 5 I i: tv > 0 ft 

AJR»Am^tt^«ElcM*L % <5fc#> I1KJ9B, 
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2 0 5 0 O^tCffi^-j-Sri^a^LV^ 200 

^M^;^n^V^^o^n^fo , 9, 5 0 0lCSrffl^5i:, K 

[0 0 12] JiEo*ffilcJ:or?gai-S&JKAKoM 
»tt, 0. 0 l Mm*«-e*>5itfixfc»*tt*r»ait? 

< ft^^-^jft^fo^tf}"?. 0. 0 1 m 5 0 fi m 
a*a*L<, 0. 05Mm-25/im^J:9a*U\ 
[0 0 13] ft*5, ±|SO^fe(C«to-C®L^®t^J^ 

i:4*AKfc"«>«3|IH±«:K«C>«ifc t-e*S. 

o««Wtt<o*{bfciB<*5*tt^ IT 

[0014] 4t«i(Mb»jRlil*r»dci-5*«fett»ai8« 
^Ho-eiii^^, A«IMb*JKIK<oiK»i*5A 
«fb**©»*»<WSJC «*KJS ictotftbW/ 
>MR«rJMru JR^aaL-C^ISK^btt&BtSr^i-sy 
^-^«Hftl:J:5iW, £MMMb4feftR*r«»l2: 

[0015] &JS£K<fb!fe&Rte, S*JftBt***:<©*ffiU:* ' 
m&ftt LTrtu fci a l mttos s i 8Mb«u 

z r mtm, t i ■MbWd»fe»tf*bS**< t t-oo 

[ooi6] *-<oA«IWb»rii»d»b<t5A]ll^ o 

-h, S i ( S i O x £OH : 0 < x < 2 ) fi, 

H (Z r Oxj^M : 0<x^ 2) fii^l^Ditf 7 

t ft SMfil^I^ t W-©£*J*#«r^tr&« 
tt^b«5iRRii-5-i«-J:9 (fcix.rf. A1S»©± 
A 1 K^b^J^R ( A 1 2 O x J^R : 0 < x ^ 3 ) *W 

50 93»BtttW-i-Sii-36«^r«Bitt5 0 «ft 
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(D&mmttof&ftt>>b*z>m&&mt unt s i -a 

1 (S i Ox • A 1 2 O y « : 0<x 

^2'0<yS3)^ Si-Zr ( S 

i O x • Z r O y &j« :0<x£2*0<y£2)JK 

si-Ti fc&mkm&m (s i o x • t i o y si : 
o<x^2-o< y ^2) ttz&mifbtiZo s \ mt 

Zk\c£V (fcirjfctf. AljRMtro±«CS i - AIM 
■Mfc*«Kfc»iaLfc»#*T i^±l:S i — T i 

[0 0 17] > r /u-y^Mfe^V>5V r ^ffitt, 
IMb*AKofl|*jaRt*5AJ«<b-fr*, fi£4£> 

[0 0 18] &JR»{b»AKo«««tftS&K<b*«F 
i: LtH h3ri"h\ jih^rVK, T'o^ 

/uS # ^ ^/ug^ ^(7)7;^ 7 * ~ 

Mb-3*, SfefcttAM^iiMl^^bttfcft** 

Sr^«1-<5W-«V^ix5Z r-fb**©»*J4, Al^ 
Zr^n^i/ h ^fV Ktt £TR*»J&s 3 - 4 O 

7;u = ^r^uS^tt 5 r = V K, ftM0mfett-*» 

art tf-frffl&te h*<o*>/i'#>'&Lm.&m\<^z> w £ ass* u 

v\ s iKfb*AK«rW*i-*Kfcfflv^6>*u5S i >fb^ 
V K 4 1 -3 07;U3^V;uSS:tt5r;u 

J^1-5^ICfflV> <bfl5 T i fb*»«>»frtt, TiWxh 

[0 0 19] **8Wb*KBl4r»«-J"5B«-W:. Wk<o 

r/^aafi/KftifoA***<b#**r*a-e* & 
i - a i fc&mtto8Lm*Mmtz>mz-vi. si-o- 
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a l 8*t*lx .R*S* J i - 4 or /u = (- 

U <D T )\s =2 3r V/US* 5 * ^ A'S^ 'fvl'Sfc if CO T 

V>) ^tSSi-AlS^^K^^Si- 
Al1ltefb*W*:^*^fc#^*5o wO«fc 5ft<b<& 

fet urn, AfrttJctt, (h 3 co) 3 »si -o- 

Al - (OCH 3 ) 2^ (H5C2O) 3-Si-O 
-A 1 - (OC2H5) 2 44f36**tf 5>JX5. 

[0020] **(OA«{b***fflv^-c«['frtt<b*fi« 
is*h5t©-ei±4<, Bfai-5«*iMb*BE«iio« 

»W-frJ-lCCT-*«i-tutf J:v>. fcirx.^. Al» 
_bic, s i - AlSMttM^Mt^i^ s i 
-A l «#»{b»jRK+t--&*tu5 SiiAl co-^ff^ 

^fttdW-f-SA l (fc^HBt (Al/Si+Al) ^0. 

0 0 1J^± (^/Hfc) i:45J:5^ S i ik&Wdt A I 
{b***:»#LT»v<>fc?K Sift^»iSi-Alt 
^b^feSrS-g-LXfflV^f9i-5wi:^M^UV\ 

J:5*«*W*^5c:i^J:o-c, s i lfcfb1fe£K£ 

Loo, A ljRKi:O#ffiT(0RJ6tt*rrt]-bi-«Ct*s 

/utfcttO. 5£*Ta*a*L<. 1 0 or^T-CfT?** 
tt, ±lfico^Hfcfio. 2J^T/^M£Lv\ Al©8* 

[0021] v ^t-r 6 &mit-&*& (om^m-fr n . 
30 0 . 1 w t %<- 2 0 w t % {&mmk%o&& (it t x. 

tf, s i ik&Vo<Dm&i±s i Oz^S, S ift#W+A 
1 4k-&Vo<Dm&\± S i O 2 + A 1 2 O 3 &ff ) ) ^®1S 

asa* uv\ E*«-frd« 0 . 1 w t %*«-en+»*K 

✓/u«ott«**iB <45Ctl:io TjSBSio^d* 
[0 0 2 2] mtt Lttt, f^Rs *»*ifO!>B» 

[0 0 2 3] //^S^b^^5tfet:M(^Dt 
fKffl*iT,S5e«b*ltt. fl6ffii-SA*{b-fr*o{b^W* 

50 J: 5^b*«dsa* Lv\ ^5£{b#Ja>IE* 
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fill, ttxtf, 13 h>«:fflv^»S\ ^-/ujfc 

[0 0 2 4 ] ✓ /W«*fc**tb5*©«l&tt, KSHftJie 
lc*yu^^»i:flD3i^T-/WbRlE-e^fiR-t-S7kSr*i|ffl-i- 

5 1 ^ o «t i wt^frfc & m v * it m&w> ft -c fe o 

[0 0 2 5] *«tSjJttt, 
to, ftfeiK, 3cft<b»l, *fc1-^TJ6-fc»*U 

^^Ic^^tbS^bTKSSf^— f^7^a- ;k 

[0 0 2 6] vOuSwttflffix V f /U'«^**tu5#«ric 
»oia*.-frh>*lctJ:5*$ % -^tc2 o c PsfeMii- 
5£fc#H*Ur\, 2 0 c PfcjIBiSfcs 

[0027] ft**, /^ttoM«n^niijtti, ✓ 
nsmna 1^-72 h*ih, im&sft ot-ioot 

[0 0 2 8] ^/U»O4fe«SRSffi^C08ft^*«fet It 

[0029] A*fltK*ffil-^/HK«rtt*Ufclfc, ^ 

0 o°c&Mz_z>k, m*<Dm$Lft&<D'£ik&m<&zti 

r> sfc&si&Ktes or- 5 0 or^a^i^a^ ^ 
a»a>»ap»(c43(ts ^ 7^ WJti- 5 t 
V^9«^d^fi8 Ot-2 5 Ot:;&5.fc9M£LV\, £ 



(5) ^2 0 0 2 - 1 8 4 6 1 5 

[0 0 3 0] ±IB<7>*jfe^i:^tf. BBfttt»-«ixfc*a 
K***ti-*A*ll<b*fiBl«:»*wi:d«-C#5 0 ft 
*3, fctx.tf, S i-AlMtWtoi^ *o 
»3gtt. S i^^ftt^I^, s i - O-S i 
IS-fri S i -O-A 1 Alfijc^ifiS 
70 ft$|*S\ Al-O-Al^tSi-O-AllS^ 

[0 0 3 1 ] ±IEo*SSlc:J:^«s &JR»{b»JS 

fci-SA«IWb»BtBI^#e>tbJ«»i-<4Sd«, *<o^fi 

I150ppm-1 0 0 0 ppm (wt/wt) <5 ^ 

fcasa*LV\, .C©**3flS5 0 p pm^iftTJifiRK* 
9y^jfl«t«t5wi*s*>9, C^i^lOOOpp 

[0 0 3 2] ±|B«>*ttfcJ:oT»ai-*A*llfb*A 
Hi, WfWO. 0 1 MmMcSS-CfcSi:— *0>*fl=TK: 

©"C, 0. 0 1 Mm— 1 ai mCD®illcDRJ?^r^ri-5 h<0 
<b m »f 5 ffitufe HRffi«tt £ $ -ft S * 

i(5 tt. &Jl»^b*l&B)tOllSfftt0. 05/ira-O. 5 Mm 

[oo33] &mj&m<D±\z&mmmm.m&mf&i-% 

■&Swi:tJ:or*ffi*reklfi-S**) ^rtro T t> J: 
<btoJ^R?r^U J M-<-r^^ t«f 5, ^syhfcT 

3 0 m m*»"CttAIBt*fc*tt5»EA*«/hS < Tfi 
Sl-^^^^-f"So — ^> 3 0 0 0 Mm?rix.S^S 
ftSdsJS < ft 9 i-?Ttt-h# 9 t ft 5 

d^feSo Lt^oT> K^^¥«lfi3 0 ra- 3 
0 0 4 0 m m— 2 0 0 0 fi ^ V) 

50 kg/cm 2 ~5. 0kg/cm 2 ^U\ 
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^/hS<r«aicB»IB«:jfU »*tffi*«5. Okg/c 
m 2 h £ JUflMtfc»1- * If ffi* ^$1— ft o 

* htr-=^fc*S*t5»»l»IBHtl»--l«FlIB^a* 

[0 0 3 4 ] #»WJw*5V^TfflV^^5F e-B-R^ 
*^8t^J!l*5»S*±Sl5£» (R) Nd N Pr, D 
y, Ho, Tb, SmCDn'M< &SW2 
$£>t^ La, Ce, Gd, Er, Eu, Tnu Yb, 
Lu, Yco?V>ft< th iSt4r£tffc<E>j& s a* 

e -B-R»*^fi^fcL:l3#5R0>$*«\ 1 Olf % 

**-ctt«S4«ads a - f e t m-mm<ott&mm t 

ft5*:&, ffittftWtt* W-Kv^flfcfc (iHc) 
6>*vj\ — 3 OJK^SrJBiS^Ry y^-ft*«tt 
«##<fclK H«atXeft (Br) tfttTLTfth,*: 

[0 0 3 5] F e (Z^fifi, 6 5 JR^F%*«-CttB r ^ 
iTU 8 0^%4rJBx_5ti«VMHc*s#ibixftV^ 
6 5gf%-8 0^%^f^gttV\ * 

51^ro«ft#ttSr*4 9 w t ft Hcm*#ttS:afe»i- 
5ifcj5S-e*5^ Cog»f^Fe©20%^i5 
K**M4*sSlSft1-5^'Ca*U<*v\ CofM 
3ftS 5 1 5JS^%G>»ft\ B r fiifiifcLftV^-g- 

{cit^LTif^D-rSfci6, iKttXttA&ftSOlcaSL 

[0 0 3 6] B co$*tt, 2 ^%*j96-C?tt«®#:«|ag 
0 * Kvw He 2 8Bf%M 

8JR^%o*#dsa*Lv^ W50StiiH£4>&« 

^&ffi#MbOfc«>fc: x 2. 0wt%£ATOP > 2. Ow 
t%^T^S(DHs '>ft< 1«. *»f*T?2. 0 
wt%£JtTtttltv^ 1 l)J:v^ £<bt^ B 

3 o w t %OT^c-csftt5 : ^i: i or, m^<om 

[0037] ^ ^>i^. A K T i s V. Cr N Mn, B 
U Nb, Ta.Mo.W. Sb, Ge, S n , Z r , 
Ni, Si. Zn. Hf, G a <D ? V>ft< £ h \ %k<0 

3i*^*— « (BH) max?r2 0MGOeJ^±i:« 
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JO 

x, K*fl=*«^i-ttia'C»*D-j-*wid s a*Lvs ft 

*5, F e -B-R*7k#wBWU:tt, R, Fe, B^^l- 

;iftv\, 

[0 0 3 8 ] £fc, *3gM^*3l/^TffiV^tlSF e -B 

U flcflllt-ei %-5 0 (BHbttfflSrBft 
<) fe*trii:«r»«ti-« 0 KW^tt. "iHc^lk 
JO Oe, Br>4kG > (BH) m a x ^ 1 0 MG O e £r 
^ U (BH) max^tti2 5MGOeWl:i 

[0 0 3 9] ft*3 N *»WO^JR»^«3&IK^J:^, £ 
ffl«:il:J:ot, *m<b*£Kft>4*tt«rttlfe • « 

So 

[0 0 4 0] 

[IMfcW] fckx.tf, *S4#fF4 7 7 0 7 2 3#^#^ 

C t (wJ:oT#b^7t 1 7 N d — 1 P.r - 7 5 F e - 7 
B#lj&<7> 2 3mmX l 0 mm X 6 mm-^&(D%t%gM^ 

Bit <d C *fi ^ n -fetIi5)tgS ££i v $'J£ L 
3^) L^: 0 ftiB, *»WHF e - B-R^JftJiS^^^toiBffi 

[0 0 4 1 ] XftM 1 : BH?«»«Ji-fc» ^^^^ 
P^^r 1 X 1 0 ~ 4 P a &sTlzM&»f&. A r tf*EE 1 
OPa, /^7^«E-4 0 0V©*#Ts 3 5^, 

E0. 2 P a. ^^-<T^mff-5 0 V, l^g2 5 0 

r— ^>f*^u— ^-o-^^m^. a^et-A 

o. 5/imt$)ot ✓^HK*:, ^il:^tAHk^ 

A 1 IMbft&KfcWALfc, #5>Jifcfii (A 1 2 Ox 

: 0<x^3) (DMiPJiO. 3 m m-CfcofCo J^M 
^(DCf}i3 5 0 ppmTfoofc fl JKffltoWatfi^ftK 
T-fcofc 0 ±lBO*ft-^#feJxfc, K5*Bfc, A1S 
50 I^Lt, A liMb*J»K*r#i-5«t^«r. tajK8 0 
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x,**mm&* o%<DmmMmikt¥T\zx 3 0 o^ra^c 

[0 0 4 2] H»#J 2 : g|R#J 1 4 H-*#T8WWt 
RJi-Srflti* Ar^ElPa, ISJEE 1 . 5kV 

V\ A 1 !7^*-«r»tfcLT?K»S-ia\ 'I'tWkIs 1 

v^ffilcT, *3»c^i-§|*Ji« f itK-eA 
aflfc^SMtTU IRtoa^rtfoTA ljRKO-b^A 1» 
MIMlfc, i^tAl^jMI (Al 2 
O x : 0 < x S 3) COMiPHO. l/zratfecfco 20 

sKt^citti20ppm-cfcofc 0 fcm<DMm\±n 

IT, A 1 IHb*2fclKfc#1-*Wfffc:*t It, XKfll 

4 m -0kft<DM'&mmnm *n o *:<, 4 

tc^i~ 0 jB*4 LT, ib^l^fi^ *RS*t5iMfe 

Kb^G-5 5 :iabflittl) fcfflv^ #^ 

^Oit^Wlfct^fcMSLfcfcC^ 34ikgl/ 
cm 2 fcv*5tth,fc*«r^Lfc. 
[0 0 4 3] XKM 3 : XDWJ 1 4 f^-f£#T*^#f* 
«^Sr»*L^«. 2. 5«PlHk 

* y sn^tAHb^ mm. ^itm. &mmm 

SrffoTA lfilOlliA # 
fcfLfcftUI (AhOxM: 0<xS3) £>»WW: 
0. 3 m mT?fco;fc 0 ftK<fOCll±3 5 0 p pmtfc 
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ffi*#Ti;:T 1 0 0 0B$ra£fc® U IB*tt*DitK«*rtT 

[0 0 4 4] :$R«2tRl-*tt'e7m 
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